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Abstract 
A systematic analysis is presented of a CSP plant family based on: 
- A solar radiation concentrator according to the Advanced Fresnel linear mirror system which optimizes the 
ratio between captured radiation and weigh of the concentrator. 
- A receiver using dry air (at 10 MPa) as heat carrier fluid, working as a bunch of pipes with outstanding 
performances of thermal efficiency. 
- A low-losses receiver using air at a constant pressure of 0.1 MPa, with strong suppression of radiation and 
convection. . 
- A plant layout with to separated regions, the inner one directly connected to the Power Block through a 
steam generator; and the outer region where hot air is driven to an intermediate heat exchanger where a 
stream of molten salt is heated, and collected, and sent to a second steam generator feeding the power 
block. 
- The molten salt streams can be stored as thermal energy storage, so that the plant can be fully regulated and 
could work after sunset. 
The main result is that a simple and robust design of CSP plants embodying a number of patents and other 
innovations can be identified as a main road to reach commercial maturity and to low down costs until becoming 
competitive with traditional energy sources. This technology is estimated to achieve annual efficiencies of 13%, in 
the same order of magnitude than parabolic trough collectors.  
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There is little doubt at current time about the need to move towards renewable energies. After the 
International Energy Agency (IEA) most of renewable energy capacity is expected to occur in power 
generation [1], with share estimations in the range from 25% to 48% by 2035.  
Such high penetration of renewable energies into the electricity mix drives to potential difficulties in 
order to meet demand at all times due to the lack of dispatchability of most renewable sources. Demand-
side flexibility and smart grids will help to reduce this effect, but it may not be enough if nearly 50% of 
the power generation is not dispatchable. This is why introducing renewable technologies with 
manageability properties is an essential need of the future grid. 
Concentrating solar power (CSP) is, together with biomass and hydropower, one of the only renewable 
technologies that are dispatchable thanks to the possibility of including thermal energy storage. At current 
time nearly 50% of installed CSP projects have storage capacity, which is in most of cases of 7 hours or 
higher [2]. This is the main advantage of CSP when compared to photovoltaic technology, which on the 
other hand implies lower capital costs and easier and faster installation projects. 
1.1. CSP technologies: a bright future for linear Fresnel collectors? 
There are four main technologies for the solar field of CSP plants: parabolic trough collectors, PTC, 
(linear concentrator with movable receiver), linear Fresnel collectors, LFC, (linear concentrator with fixed 
receiver), central towers (punctual concentrator with movable receiver) and parabolic dish collectors 
(punctual concentrator with fixed receiver). Fig.1 shows the development of different technologies in 
cumulative capacity basis. 
 
 
Fig. 1. Historical development of CSP technologies, from [NREL 2014] 
One might observe that the predominant technology is the PTC, with an installed capacity well above 3 
GW. Central towers have started the exponential development some years later compared to PTCs, which 
explains why the operational installed capacity is much lower. Similarly, LFCs have started the 
development even later, which drives to the lowest installed capacity of the three main technologies. 
Finally, parabolic dishes have not succeeded at all, mainly due to the high structural costs of moving an 8 
m diameter dish with two-axes tracking. 
The difference in the timing of the three successful technologies is very influenced by the CSP 
development in its first golden period, the 1980s. In such period important central tower prototypes were 
built in USA (Solar One, Solar Two, CESA-1) and a 365 MW PTC solar plant was installed in the 
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Mojave Desert. When the oil prices dropped at the end of the second oil crises interest on renewable 
energies was lost, and although some publications arose in the early 1990s studying LFCs [3], no power 
generation prototype was built until the last decade. 
However, many authors have identified LFCs as a technology that will play a main role in decreasing 
CSP costs thanks to its fixed receiver, which avoids using flexible hoses or boil joints that limit the HTF 
pressure, avoids the use of weak metal-glass junctions and is less costly in structure thanks to the use of 
smaller mirrors [4]. As a result, there is great prospective to decrease the LCOE of thermal solar power 
via the evolution of linear Fresnel collectors. 
1.2. The heat transfer fluid 
The heat transfer fluid (HTF) removes heat from the receiver and transfer it either to the storage 
system or to the final use. The correct choice of the fluid is determinant in order to reduce costs and 
increase the efficiency of the plant. The most important HTFs are: 
x Synthetic oils. They are used exclusively in PTCs thanks to their low pumping losses, their adequate 
conductivity and the fact that they do not need very high pressures, around 16 bar. However, they face 
a temperature limit of 393 ºC, which limits the efficiency of the plant. In addition, they are toxic and 
flammable. 
x Direct steam generation. If saturated or superheated steam is generated directly at the receiver two 
main advantages are found: first, no heat exchanger is required in order to generate steam from the 
HTF and second, the exergy loss that takes place at such heat exchanger is avoided. However, some 
issues are also found: high pressures are required, which makes it not-suitable for PTCs due to 
leakages at the movable elements; different thermal regimes are found in the steam generation, which 
complicates transients and superheating; and no efficient method has been found for energy storage. 
This last point is a main issue, especially when the importance of dispatchability is considered. 
x Molten salts. Molten salts are playing a great role in CSP for energy storage. The most commercial 
molten salts have a working temperature range from 290 ºC to 565 ºC, and thus higher efficiencies are 
obtained at the power block. However, they have the issue of solidifying at relative high temperatures. 
As a result, if the receiver cannot be evacuated when there is no impinging sun, which is the working 
mechanisms in central towers with molten salts, the fluid must be recirculated from the hot tank to the 
cold tank, increasing thermal energy losses. Evacuation of linear receivers seems more difficult than in 
central towers due to the fact that tubes are horizontal, and thus it does not seem the best solution for 
LFCs. 
Pressurized gasses. Gasses do not have any limit in temperature, neither by the upper nor by the 
bottom part. In addition, they are cheap, especially if the air is used as it is found in the atmosphere. 
However, pumping losses are much higher than in liquid HTFs due to the density difference. In order 
to overcome this issue, pressure must be increased, pumping power losses being inversely proportional 
to the squared power of the pressure [5]. At current time no commercial power station uses pressurized 
gases, although they have been used in central tower (Solgate) and CCP research prototypes [6]. 
Leakages of the gas found in the movable elements of PTCs due to the high pressures suggest the need 
of fixed receivers in order to use pressurized gasses. 
1.3. Scope of this work 
In this work a new solar plant layout is presented for linear Fresnel collectors, where the thermal 
energy storage is included. This new concept suggests the use of pressurized dry air, at around 100 bar, as 
the HTF of the receiver, and molten salts as the storage medium and energy transport through the field 
 Rubén Abbas et al. /  Energy Procedia  75 ( 2015 )  514 – 520 517
when long distances are required. Section 2 presents this new layout as well as its working procedures. In 
Section 3 models developed by the research group that leads this work are used in order to estimate the 
annual efficiency of the solar power plant. Finally, Section 4 is devoted for the conclusions of this work. 
2. New linear Fresnel plant layout 
Linear Fresnel collectors are modular, i.e. in order to generate a given nominal power the same module 
can be installed multiple times in parallel, where all thermal heat collected in different modules would 
provide steam for the same steam turbine. Therefore, a clear design strategy must be envisaged, where 
some of the modules can be located far from the balance of plant (BOP).  
It has been identified previously the importance of considering thermal energy storage in CSP, where the 
most relevant medium are molten salts. However, such fluid is not advisable as the HTF of Fresnel 
receivers due to the high melting temperature, which obliges to evacuate the receivers during the night. 
On other hand, pressurized air might be a good HTF in fixed receivers, but pumping losses in heat 
distribution to the BOP would be too high.  
The layout depicted in Fig. 2 might help to solve this double issue: 
Fig. 2. A modular layout for the Fresnel-based power plant 
Although the use of pressurized air in the receiver could drive to a closed supercritic Brayton cycle, this 
first plant incorporates already many innovations, while such cycles are in a very immature state at 
current time; thus, the CSP plant proposed in this work would use a steam turbine in order to convert 
thermal power to mechanical power.  
Pressurized air would collect the thermal energy in the receivers in order to, then, transport it to 
distributed heat exchangers air/salts. In such heat exchangers molten salts would be heated from the 
minimum temperature (290 ºC for binary salts) up to the plant nominal temperature. Two molten salts 
tanks would be located together to each air/salts heat exchanger in order to give enough inercy in order to 
avoid transient issues; however, the main storage tanks would be located in the BOP area, to which all 
distributed tanks would be connected.  
This system drives to a significant pumping power reduction in heat distribution thanks to the use of 
salts for such purpose. Furthermore, the density of molten salts being significatively higher than such of 
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pressurized air, the required width of the distribution conducts would be lower, and thus heat losses 
would also be reduced. 
At the same time, the LFC modules could be used to generate steam directly with no need of 
intermediate molten salts, as the distance to the BOP, where an air/steam HX would be located, is lower 
than to the closest air/salts HX. 
One may also observe in Fig. 2 that this advanced Fresnel design also considers the paths of the high 
voltage grid, from the Southern side of the field, and, if necessary, the circulation of the cooling liquid 
such as sugested by [7], located at the Northern side of the field. Finally, Fig. 3 depicts a sketch of the 
plant with the different working configurations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.  BOP and central salt storage conceptual representation  
3. First results 
A first project with a squared field with size 1 km x 1 km is sought. From previous assumption and 
results obtained in previous works [4-10], the following results are obtained Table 1. 
Table 1. Estimation of the solar plant performance 
Parameter Value Unit 
Turbine nominal power 55 MWe 
Power plant land 1 km2 
Central TES 6 h 
Location Riyadh (Saudi Arabia) - 
Direct Normal Irradiation 2263 kWh/m2-year 
Total reflective aperture area 650000 m2 
Fresnel mirrors filling factor 70 % 
Rankine cycle gross efficiency 38 % 
Annual energy  190 GWh 
Capacity factor 40 % 
Annualized plant efficiency 13 % 
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4. Conclusions 
An innovative advanced Fresnel field has been suggested. This field, which is the result a long 
research period of our research group, would reduce considerably the LCOE of CSP thanks to the use of 
lighter structures and a freely available HTF. 
The rationale of this work must be found in the need to reduce the amount of mass of different 
materials to build a solar field of a given power, and the need to make designs relying on robustness and 
simplicity. The basis for this quest has been a previous detailed analysis of every part of the main 
components of the SF, in order to identify actual criteria for qualifying the parts of a system. In particular, 
mirror design and receiver specifications have been carefully featured to look for the configurations able 
to reach high performances with very available materials and acceptable design windows. 
Validated Monte Carlo models have been used in order to estimate the optical performance of the 
field, while thermal resistance models simulate the receiver performance. This study has driven to 
estimated values of annual plant efficiency similar to those that are achieved by parabolic trough 
collectors presently, 13%. This can be achieved by means of lighter structures that may be manufactured 
locally, which would imply local industry development.  
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